The principal addictive component of tobacco smoke is nicotine. The mechanisms of nicotine addiction are highly complex and are responsible for maintenance of smoking behaviour. Use of electronic cigarettes (E-cigarettes), devices that deliver a nicotine containing vapor has increased rapidly across the world. They are marketed as a "healthier alternatives" to conventional cigarettes. There is extensive debate over long-term safety and effi cacy of these devices on public health. Studies show that the vapor generated from the E-cigarettes has a variable amount of nicotine and potential harmful toxins. Until robust research demonstrates the safety of E-cigarettes and effi cacy in the treatment of tobacco dependence, their role as safe smoking cessation tool is unclear. This review highlights the recent data regarding E-cigarettes toxicity, impact on lung function, and effi cacy in smoking reduction and cessation.
responsible for six of the eight leading causes of death worldwide, including ischemic heart disease, cerebrovascular disease, lower respiratory infections, chronic obstructive pulmonary disease, tuberculosis, and lung cancer. [2] Although advances have been made in diagnosis and treatment of smoking-related diseases, cigarette smoking continues to cause an enormous burden of preventable disease and untimely mortality even into the 21 st century. [3] There is inexorable evidence that successful treatment of nicotine addiction improves mortality, regardless of age at cessation. In smokers unwilling or unable to quit, smoking reduction can improve some health outcomes and may eventually lead to cessation. [4] Over the last 50 years, many treatment options for tobacco dependence have demonstrated insufficient success at decreasing initiation of cigarette use in nonsmokers and cessation in smokers. These include nicotine containing transdermal patches, nasal spray, gum, lozenges cigarette-shaped inhalers, nonnicotine pharmacotherapies and psychosocial interventions. [5] The most effective way to tobacco control is to get current smokers to quit and prevent nonsmokers from starting. The questions of how to get more smokers to quit and how to reduce harm among those who continue to smoke have
Introduction
Everyone should be aware of the undeniable facts that cigarette smoking is a leading cause of several serious medical diseases; that nicotine is a powerfully addictive substance, and despite the availability of several therapies that are approved by the various health agencies, the vast majority of smokers who try to quit having incredible difficulty maintaining abstinence. Once thought to be a "habit" or "custom," cigarette smoking and other forms of tobacco use are now widely recognized as behaviors driven by nicotine addiction. It is an addiction to nicotine that compels many smokers to continue to use tobacco products even when they recognize its harmful effects and wish to quit. [1] Cigarette smoke also exposes smokers to high concentrations of toxic combustion products that are been the subjects of public health debate for many years. For a number of years, tobacco and health researchers and policy makers considered the possibility of clean nicotine delivery devices that would satisfy nicotine craving and addiction in smokers, allowing them to stop smoking and thus avoid most if not all of the harm from cigarette smoking. [6] The latest attempt at reduced harm products is a heterogeneous collection of battery-driven inhalers termed by the World Health Organization (WHO) as electronic nicotine delivery systems or more popularly as electronic cigarettes (E-cigarettes). [7] 
Nature of Nicotine Addiction and Smokeless Tobacco Products
The principal addictive component of tobacco smoke is nicotine. The mechanisms of nicotine addiction are highly complex which include at least two important reward pathways: One mediated directly and immediately by stimulation of dopamine release in the shell of the nucleus accumbens, secondly indirectly after more sustained use through release of dopamine in the nucleus accumbens core in response to stimuli associated with nicotine administration. [8] The cigarette is an effective instrument for delivering nicotine to the body. Burned tobacco produces vaporized nicotine that is easily entrained into the lungs. Within 10-15 s of puffing on a cigarette, nicotine is absorbed into the bloodstream of smokers and travels to the brain. The swiftness of absorption is an important determinant of the addictiveness of the drug. Nicotine exerts its effects by binding to nicotinic cholinergic receptors in the brain. Nicotine affects a number of neurotransmitter systems, including the dopamine system, which is critical in experiencing pleasure, arousal, and mood modulation. With chronic nicotine exposure, neuroadaptation occurs, such that more nicotine is required to deliver the same neurochemical effect. As the brain becomes tolerant, nicotine is needed in higher concentration to maintain normal brain functioning. In this situation, stopping smoking is associated with deficient neurotransmitter release which leads to withdrawal symptoms like irritability, anxiety, problems getting along with people, difficulty in concentrating, increased hunger, excess eating and weight gain. Nicotine addiction is thus sustained by a combination of positive effects related to pleasure and arousal and the need to continue to take nicotine to avoid the unpleasant effects of nicotine withdrawal.
It is essential to note that, nicotine addiction is also associated with conditioning. Smoking often becomes connected with specific behaviors, such as drinking a cup of coffee, alcohol consumption, talking on the phone, driving a car, and/or after meals. Conditioning of these behaviors become cues for smoking and contribute to maintained smoking. Smoking also facilitates nicotine dependence through sensorimotor factors associated with the act of smoking. The factors include the smoking process, the smell, taste, and feel of the cigarette smoke.
Nicotine is the essential element of addiction to tobacco but that most of the harm to the health comes from combustion of tobacco, it is logical to consider the use of noncombusted sources of nicotine as a way to reduce the harm from cigarette smoking. The idea that noncombusted sources of nicotine as a way to reduce the harm from cigarette smoking has led to the development of many Smokeless Tobacco Products as well as Potentially Reduced -Harm Nicotine Delivery Products. These include oral tobacco products, such as snus and dissolvable tobacco. Since, the risks of traditional smokeless tobacco are much lower than those of cigarette smoking, these were used as an aid to smoking cessation. However, these products were later withdrawn from the market due to concerns of safety as these have been associated with diseases of the oral cavity, oral cancers, pancreatic cancers, cardiovascular diseases and reproductive problems. [9] Then, the search for clean nicotine delivery systems that would satisfy nicotine craving and promote the smoking cessation lead to the development of E-cigarettes.
Electronic Cigarette
Electronic cigarettes are battery powered devices that convert nicotine containing liquid into a vapor that can be inhaled. In recent years, multiple companies have introduced variety of brands of E-cigarettes. This device was invented by Ruyan Group (Holdings) Limited, China in 2003, and the company patented E-cigarettes in Canada in 2004. [10] E-cigarettes consist of a plastic tube, electronic heating element, liquid nicotine cartridge, and a lithium battery and atomization chamber with a membrane to suspend ingredients. Some E-cigarettes contain a light emitting diode in the tip, which illuminates when the user inhales (or "vapes"), giving the appearance of the burning end of a conventional cigarette. Chemicals introduced into the liquid vehicle produce aromas and flavors of tobacco, chocolate, mint, fruit, and coffee. [11] Electronic cigarette were developed with the goal of mimicking the conventional cigarette without the considerable harmful effects of tobacco smoke. They are often marketed as the healthier version of the conventional cigarette. The device aerosolizes nicotine, so that it is readily absorbed into the respiratory tract and then enters the bloodstream, resulting in a near immediate nicotine reward in the central nervous system. Propylene glycol: A chemical used to generate artificial "smoke" for theatrical productions -is added to the liquid vehicle to stimulate the appearance of using "real" cigarette. The concentration of nicotine varies both across different manufacturers and within the same brand. Cartridges vary in their nicotine content from no nicotine to 16-18 mg/cartridge. Cost of the E-cigarette varies according to the brand and country in which it is sold. Surveys have shown that sales of E-cigarette have increased as consumers buy for a variety of reasons, such as trying to quit smoking, preventing exposure to smoke, being allowed to smoke in smoke free zones, better flavor, for smoking without generating irritation and harmful second hand smoke.
Marketing of electronic cigarette
They are aggressively marketed as harmless alternatives to traditional tobacco smoking. Sales are increasing so rapidly that some analysts predict that they will surpass cigarette sales within a decade. [12] More than 400 different E-cigarettes are currently marketed. Initially, E-cigarettes were manufactured by small companies. Now major tobacco companies have entered the marketplace. The marketing of E-cigarettes has been vigorous and has emphasized harm-reduction beliefs. [13] Endorsements use beautiful and handsome models and celebrities with glamorous images so that they are attractive. The hard-line marketing activity of E-cigarette manufacturers and distributors is one of the core factors that may be responsible for the rapid increase of E-cigarette use in many countries. Another powerful marketing tactics of the E-cigarette industry include the use of internet websites and blogs to sell and promote their products. Internet blogs allow the industry to achieve twoway communication between themselves and existing/future consumer. The WHO and US Food and Drug Administration (FDA) have already addressed their concerns about the aggressive marketing activities of E-cigarette companies in their reports. Until conclusive scientific evidence of safety and efficacy of E-cigarettes is released, all marketing activities of the E-cigarette industry should be banned. [14, 15] Despite the viewpoints of the WHO and US FDA, the industry is quick to advertise that E-cigarettes can be an effective smoking cessation aid by employing "above-the-line" and "below-the-line" marketing policies.
Public health concerns of electronic cigarette
There is currently extensive debate in the public health community about the safety and benefits of E-cigarettes. All agree that E-cigarettes would be a health benefit if the population of conventional cigarette smokers all switched to E-cigarettes and stopped smoking cigarettes completely. However, this is far from reality. Many E-cigarette users report smoking fewer cigarettes per day, while using E-cigarettes, but the health benefits of such reduction are not clear, and there is concern that the availability of E-cigarettes when one cannot smoke conventional cigarettes may impede quitting, resulting in more smokers and more population harm. [16] There are also concerns about the potential toxicity of E-cigarettes, as information on the pharmacology, toxicology, and safety of E-cigarettes is limited. Available information suggest the presence of nicotine (including cotinine), tobacco specific impurities (anabasine, myosmine, β-nicotyrine), propylene glycol (rarely diethylene glycol), and tobacco specific nitrosamines (which include carcinogens) in commonly available brands of E-cigarettes. [17] [18] [19] A recent study found that the effort required (vacuum desired) to smoke an E-cigarette is higher than that for conventional cigarettes. [20] This effect was accentuated after a few puffs resulting in nonuniform nicotine delivery, leading to excessive inhalation of nicotine. Nicotine itself has some potentially harmful effects on cardiovascular hemodynamics (increased heart rate and blood pressure), may impair endothelial function, and may promote insulin resistance with a possible increased risk of type 2 diabetes. Propylene glycol in aerosol form can be a pulmonary irritant and increases dynamic airway resistance. E-cigarette use could be detrimental to people with asthma and chronic obstructive pulmonary disease. E-cigarettes generate particles of a size similar to cigarette smoke particles, and there are concerns that particles per se may have adverse health effects. [16] Nicotine has also been implicated in a number of cancers and concept of "third hand smoke." [21, 22] It crosses the placenta and alters fetal gene expression and tissue development in a variety of organs. [23] Its toxic effects have been documented in many organs, and it has been shown that nicotine binds to the airway epithelial cell nicotine receptor, producing physiological changes in airway epithelial cells similar to those found in cystic fibrosis. [24] There is sufficient evidence about the toxicity of nicotine and the other components that have been found in E-cigarettes. Analysis of nicotine solutions used in E-cigarettes has been carried out which have revealed a range of other constituents including formaldehyde, acetaldehyde, and derivatives of benzene and benzodiazepine, raising the question of whether these solutions are suitably pure. The vapor produced by E-cigarettes also contains a range of toxins, including some nitrosamines, though at much lower levels than in tobacco smoke. However, it is far from clear that these compounds are safe or reliable as might reasonably be expected. On this basis, it seems clear that E-cigarettes containing nicotine should not be promoted as harmless alternatives to regular cigarettes.
Other concerns about E-cigarettes should also be considered. First, the use of these products could prolong actual smoking cessation period. Second, data are emerging to show that some users are not stopping cigarette use, but concurrently using E-cigarettes ("dual use") in all the places where they would otherwise have been unable to smoke (e.g., restaurants, airports, and the workplace). Finally, and perhaps most challenging, is a very real possibility that E-cigarettes may serve as an initiation device for young people, who may in due course changeover to regular cigarettes when they reach the legal age to purchase those products because they are advertised as being safe, fashionable, and good tasting, often due to the addition of pleasant flavors. [25] This might lead to the most important potential population harm of renormalization of cigarette smoking behavior, resulting in more youth initiation and fewer adults quitting smoking. Some E-cigarettes look like traditional cigarettes, and their widespread use would suggest that smoking behavior is socially acceptable. The most important factors for youth smoking initiation have friends who smoke and being exposed to smoking offers from close friends. Because of the increasing popularity of E-cigarettes, nonsmoking youth who have friends who use E-cigarettes are likely to be susceptible to initiate smoking E-cigarettes. In addition, the E-cigarette packaging may be attractive and fashionable to youth, who may be further tempted to try it. Compared with adult users who may decide to use E-cigarettes for the purpose of quitting, youth users are more likely to use E-cigarettes for the novelty factor. Another concern is the ability of the E-cigarette user to adjust the nicotine concentration, as youth users may not be aware that they can experience symptoms of nicotine addiction much more rapidly than adults. Therefore, it is important to understand youth users behaviors with E-cigarettes. [26] Electronic cigarettes and smoking cessation Although E-cigarettes are aggressively promoted as smoking cessation aids, several recent studies of their effectiveness for cessation have been unconvincing. One randomized trial comparing E-cigarettes with and without nicotine with a nicotine patch found no differences in 6-month quit rates. Population-based, longitudinal studies have also not shown associations between E-cigarette use and quitting. A longitudinal, international study found that, although 85% of smokers who used E-cigarettes reported using them to quit, E-cigarette users did not quit more frequently than nonusers. Among US quit line callers, E-cigarette users were less likely to have quit at 7-month than nonusers. [27] [28] [29] [30] Many other studies comparing E-cigarettes to other forms of nicotine replacement therapy, failed in demonstrating E-cigarettes as a more effective tool than available FDA-approved nicotine replacement therapies for smoking cessation. Until robust research demonstrates safety of E-cigarettes and efficacy in the treatment of tobacco dependence, their role as a harm reduction tool is uncertain.
It is evident from many studies that scientific proof regarding the human health effects of E-cigarettes is inadequate. Although E-cigarette aerosol may contain fewer toxicants than cigarette smoke, studies evaluating whether E-cigarettes are less harmful than cigarettes are inconclusive. Some evidence suggests that E-cigarette use may facilitate smoking cessation, but definitive data are lacking. No E-cigarette has been approved by FDA or any country as a cessation aid. Environmental concerns and issues regarding nonuser exposure exist. The health impact of E-cigarettes, for users and the public, cannot be determined with currently available information. [28] Future recommendations Since, no long-term data demonstrating that E-cigarettes are a healthier alternative to conventional cigarettes, standardization and regulation of E-cigarette products is needed. A number of professional societies have produced guidelines and policy recommendations aimed at minimizing harms related to rapid E-cigarettes acceptance. [31] [32] [33] Some of the recommendations are:
1. E-cigarettes should be regulated as tobacco products.
2. E-cigarettes should not be used in smoke-free areas. 3. Should be taxed at rates equivalent with conventional cigarettes and other tobacco products. 4. Candy and menthol flavors should be banned. 5. Sales to minors and internet sales should be regulated. 6. The packs of E-cigarettes should have warning labels, liquid cartridge chemical composition and nicotine content.
Further research investigating the effects of E-cigarettes must be conducted in order to convincingly determine the safety of this product. In addition, these studies should be conducted independently and should not be sponsored or funded by the E-cigarette industry.
Counseling of smokers and "vapers" about electronic cigarettes
The National Quit Line, physicians in smoking cessation clinics, school teachers, members of the family and other individuals who have opportunities to meet and counsel current smokers who want to quit should discourage the use of E-cigarettes as a smoking cessation aid until there is enough scientific evidence to support this claim. Following quick facts can be utilized by counselors to facilitate healthy behavioral change in smokers. [21] • E-cigarettes are not approved by FDA/Governments as quit smoking devices.
• The vapors from E-cigarettes are complex mixtures of chemicals, not pure nicotine. Whether inhalation of the complex mixture of chemicals in vapors is safe is unknown.
• There is no evidence that E-cigarette help smokers to quit smoking.
• There is increasing resistance to the use of E-cigarettes in public places and outright bans in a growing number of countries.
• The promotion of E-cigarette may communicate a message to children and adolescents that "vaping" is harmless inadvertently escalating the risk of nicotine addiction and tobacco use in a vulnerable population.
• Approved treatments for smoking cessation, proven safe and effective, are available.
• Long-term abstinence from tobacco use is a goal that has been achieved by millions of people without using E-cigarettes.
• Until more information about the safety of these devices becomes available, use of E-cigarettes cannot be recommended.
• Smoking cessation medications, conventional counseling strategies, including the 5 major steps to intervention "The 5 As": (Ask, Advise, Assess, Assist, Arrange), and telephone quit lines are available in many countries for people who wish to quit.
